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ΛΛ, probe to deep inside , probe to deep inside 
of the nucleiof the nuclei

(N(N--11,,ΛΛ)  narrower than )  narrower than 
(N(N--11,N) states ,N) states 

ΛΛ isospinisospin=0, =0, 
Int(Int(ΛΛNN) < ) < Int(NNInt(NN))

Spectroscopy ofSpectroscopy of
the deeply bound the deeply bound ΛΛ states states 

Hotchi et al., PRC 64 (2001) 044302

Single particle nature of Λ

Free from 
nucleons’ Pauli blocking



The  (The  (e,ee,e’’KK++) reaction for ) reaction for 
hypernuclearhypernuclear spectroscopyspectroscopy

Large angular momentum transferLarge angular momentum transfer
SpinSpin--flip amplitudeflip amplitude

New Hypernuclei
(Mirror, Neutron Rich)

Various multiplet states

Detailed information on the hypernuclear structure

Proton to Λ

Higher energy resolution

Z

Λ(Z-1) Virtual Photon



Hypernuclei in wide mass rangeHypernuclei in wide mass range

Medium - Heavy hypernuclei 

Neutron/Hyperon star 

Light Hypernuclei (s,p shell)

A
1 20 50 200 1057

Elementary Process
Strangeness electro-production

Fine structure
Baryon-baryon interaction in SU(3)
ΛΣ coupling in large isospin hypernuclei
Cluster structure

Hyperonization
Softening of EOS ?

Superfluidity

Single-particle potential
Distinguishability of a Λ hyperon

U0(r), mΛ*(r), VΛNN, ...

E89-009
12C

E01-011
12C              28Si

Neutron/Hyperon star, 
Strangeness matter 
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Goals of the E05Goals of the E05--115 experiment115 experiment
E01-011 shows that :

The tilt method applied to the electron spectrometer
New HKS spectrometer 

Open door to 
the heavier hypernuclear study with (e,e’K) reaction



Optimization of the tilt angle of Optimization of the tilt angle of 
the  scattered electron the  scattered electron 
spectrometerspectrometer



E01E01--011 Setup011 Setup

K+

e’



Goals of the E05Goals of the E05--115 experiment115 experiment

5151V(e,eV(e,e’’KK++))5151
ΛΛTi reactionTi reaction

ΛΛ binding energies for s,p,d orbits determinedbinding energies for s,p,d orbits determined
ΛΛ hypernuclear structure investigatedhypernuclear structure investigated
lsls splitting in l=2,3 orbits to be derived if the splitting is sizsplitting in l=2,3 orbits to be derived if the splitting is sizable able 

8989Y(e,eY(e,e’’KK++))8989
ΛΛSr reactionSr reaction

Exploratory run to examine feasibility of (e,eExploratory run to examine feasibility of (e,e’’K+) K+) 
spectroscopy in heavier hypernucleispectroscopy in heavier hypernuclei

6,76,7Li(e,eLi(e,e’’KK++))6,76,7
ΛΛHe and He and 10,1110,11B(e,eB(e,e’’KK++))10,1110,11

ΛΛBeBe
Precision hypernuclear structure in neutronPrecision hypernuclear structure in neutron--rich rich ΛΛ hypernucleihypernuclei
ΛΣΛΣ coupling effect changing isospins with neutron numbercoupling effect changing isospins with neutron number

E01-011 shows that :
The tilt method applied to the electron spectrometer
New HKS spectrometer 

Open door to the heavier hypernuclear study with (e,e’K) reaction

Introduction of the new electron spectrometer      (HES)



Requested beam timeRequested beam time
E05E05--115 proposal115 proposal

TargetTarget HypernucleusHypernucleus # of days# of days # of hours# of hours

Spectrometer Spectrometer 
commissioning & commissioning & 

calibrationcalibration
4(8)4(8) 96(192)96(192)

6,76,7Li,Li,
10,1110,11BB

6,76,7
ΛΛHe, He, 

10,1110,11
ΛΛBeBe 55 120120

5151VV 5151
ΛΛTiTi 1414 336336

8989YY 8989
ΛΛSrSr 55 120120

Subtotal for data Subtotal for data 
takingtaking 2424 576576

Grand totalGrand total 28(32)28(32) 672(768)672(768)

Data takingData taking

20 days approved by PAC28, 2005



Etop
2pass

(GeV)

Acceptable energy windows of HKS systemAcceptable energy windows of HKS system
with ENGE or HESwith ENGE or HES
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ee’’ spectrometer tilt angle, spectrometer tilt angle, FoMFoM



HES ParametersHES Parameters
(HES is basically smaller version of the HKS)(HES is basically smaller version of the HKS)

Splitter (27 tons)Splitter (27 tons)
Magnetic fieldMagnetic field 1.8 T1.8 T
Full gapFull gap 17 cm (including vacuum chamber 17 cm (including vacuum chamber thiclnessthiclness))
Length (beam direction)Length (beam direction) 1.2 m1.2 m
SplitterSplitter--Q1   Q1   0.8 m0.8 m

Q1      (2.7 tons)Q1      (2.7 tons)
Field gradientField gradient 7.8 T/m7.8 T/m
Length Length 0.6 m 0.6 m 
Bore diameterBore diameter 0.2 m  (Effective full width  0.4 m)0.2 m  (Effective full width  0.4 m)
Q1Q1--Q2         Q2         0.3 cm0.3 cm

Q2   Q2   (3.05 tons)(3.05 tons)
Field gradientField gradient 5.0 T/m5.0 T/m
Length  Length  0.5 m0.5 m

Bore diameterBore diameter 0.25 m (Effective full width 0.5 m)0.25 m (Effective full width 0.5 m)
Q2 Q2 –– D   D   0.8 m0.8 m

Dipole  (36 tons)Dipole  (36 tons)
Bend        Bend        50 degrees50 degrees
ρρ 2.2 m2.2 m
Full gap         Full gap         15 cm   : (Effective > 12cm) 15 cm   : (Effective > 12cm) 
Inner full width   Inner full width   0.8 m0.8 m



HKS + ENGE system (E01HKS + ENGE system (E01--011)011)

HKS

ENGE

SPL



Drawing of the HES + HKSDrawing of the HES + HKS

HKS
HES

New SPL

1 GeV/c

0.55 GeV/c



Tilt Method will be applied to HESTilt Method will be applied to HES



HES Solid AngleHES Solid Angle



The New SplitterThe New Splitter



Evolution of Evolution of 
((e,ee,e’’KK++) ) hypernuclhypernucl. spectroscopy. spectroscopy

E89E89--009009 E94E94--107 107 
((HallAHallA)) E01E01--011011 E05E05--115115

ConfigurationConfiguration
SOS+ENGESOS+ENGE

+Splitter+Splitter
HRS+HRSHRS+HRS
+Septum+Septum

HKSHKS+ENGE+ENGE
+Splitter+Splitter

HKSHKS++HESHES
++New splitterNew splitter

Beam intensity (Beam intensity (μμAA) on ) on 1212CC 0.660.66 100100 2424 3030

thickness (mg/cmthickness (mg/cm22)) 2222 100100 100100 100100

Hypernuclear yieldHypernuclear yield
(12(12ΛΛBBgr :gr : /hr)/hr) 0.90.9 22--33 8 ~ (40)8 ~ (40) (> 40)(> 40)

Resolution (Resolution (keVkeV)) 750750--900900 ~ 800~ 800 (3(3--400)400) (3(3--400)400)

Beam energy (Beam energy (GeVGeV)) 1.71.7--1.81.8 44 1.81.8 2.0 2.0 -- 2.42.4

ppKK (central : (central : GeVGeV)) 1.21.2 1.91.9 1.21.2 1.21.2

ppee (central: (central: GeVGeV )) 0.30.3 2.22.2 0.30.3 0.6 0.6 –– 1.01.0

θθKK (degree)(degree) 00--77 66 11--1313 11--1313

θθee (degree)(degree) 00 66 4.54.5 33--10 *10 *

(  )  expected       * select one angle

2000 2004-2005 2005 200X



TimeTime--line of Hall C line of Hall C Hyp.NuclHyp.Nucl. program. program
2000 2000 E89E89--009 009 beamtimebeamtime
2001 2001 PAC19 E01PAC19 E01--011 Proposal approved011 Proposal approved
2002 2002 HKS&DetectorsHKS&Detectors R&D startedR&D started
20032003 KEK test KEK test beamtimebeamtime/HKS field mapping/HKS field mapping

HKS shipped to HKS shipped to JLabJLab
2004  HKS 2004  HKS Preassembly@JLabPreassembly@JLab test lab.  test lab.  

HESHES basic design startedbasic design started (HES approved by JP. Gov.) (HES approved by JP. Gov.) 
2005  Jan2005  Jan Installation @ Hall C startedInstallation @ Hall C started

JuneJune Beam tune startedBeam tune started

July     July     Physics run startedPhysics run started
OctOct BeamtimeBeamtime finishedfinished

2006   HES Design & Fabrication2006   HES Design & Fabrication
2007   HES shipping to 2007   HES shipping to JLabJLab
200X   E05200X   E05--115 115 BeamtimeBeamtime

12C, 28Si

PAC25 E05-115 Proposal accepted
6,7Li,10,11B, 51V,89Y

We are here!





ENGE ENGE vsvs HES Chicane HES Chicane 
parametersparameters

ENGEENGE HESHES

1.85GeV/c1.85GeV/c 2.152.15--2.50GeV/c2.50GeV/c

900 900 kGkG cmcm ~1800 ~1800 kGkG cmcm

1680 1680 kGkG cmcm 3300 3300 kGkG cm ?cm ?

--820 820 kGkG cmcm --1600 1600 kGkG cm ?cm ?

--24kGcm x 224kGcm x 2 ??

3.8kGcm 3.8kGcm –– 2.1kGcm2.1kGcm ??

Beam p

SPL BL
(for beam)

DZ

EZ

Ver.Corr.

Hor.Corr.



To be doneTo be done
Splitter DesignSplitter Design

Feasibility Check,  Geometry Feasibility Check,  Geometry …… CADCAD
MagMag. Field   ... TOSCA. Field   ... TOSCA

HES systemHES system
Optics Study for DOptics Study for D--QQD systemQQD system
Optimize magnetsOptimize magnets’’ parametersparameters

Gap, width of HESGap, width of HES--DD

Post Post BeamlineBeamline (Chicane design)(Chicane design)



ScheduleSchedule
2005 Feb.2005 Feb.

Bidding for the HES concept design, Q1, Q2 fabrication Bidding for the HES concept design, Q1, Q2 fabrication --
> TOKIN> TOKIN

2005 Nov.2005 Nov.
Contract HESContract HES--D PSD PS
Finalize Design of the new SPL + HES Finalize Design of the new SPL + HES 

20062006
Fabrication of the SPLFabrication of the SPL--D magnetsD magnets
Fabricate New Drift Chamber, HodoscopesFabricate New Drift Chamber, Hodoscopes

End of 2006 ~ early 2007End of 2006 ~ early 2007
Shipping SPL+HES(QQD) to Shipping SPL+HES(QQD) to JLabJLab



Beam Profile at the Focal Beam Profile at the Focal 
Plane Plane 

New DC and Hodos are necessary
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